Pentachlorophenol (PCP) degradation by Flavobactenum sp. strain ATCC 39723 leads to the formation of tetrachlorop-hydroquinone (TeCH) as the primary intermediate (23) . We recently reported the purification of the enzyme which reduces TeCH to trichloro-p-hydroquinone and then to dichloro-p-hydroquinone and monochlorophenol with glutathione as the reducing agent (25, 26) . On the basis of the observed enzymatic reactions, the enzyme should be classified as a glutathione S-transferase (GST). The Flavobacterium GST is functional as a dimer (26) as is typical for eucaryotic GSTs (11, 19) . However, unlike typical eucaryotic GSTs, the Flavobacterium GST did not utilize the common GST substrate 1-chloro-2,4-dinitrobenzene (3). This enzyme is of interest because of the scarcity of previously reported reductive dehalogenases (9) .
Even though it has long been established that GSTs play a vital function in the detoxification of xenobiotics in eucaryotes (3, 11, 19) , similar reports for procaryotic systems are rather scarce. In fact, to our knowledge, the only two previous procaryotic GSTs described are the dichloromethane dehalogenase characterized from several methylotrophic bacteria, including Methylobactenum sp. strain DM4 (14) and Hyphomicrobium sp. strain DM2 (15) , and three forms of GST characterized from Proteus mirabilis (7) . A corresponding gene and its subsequent nucleotide sequence have been reported only for the dichloromethane dehalogenase (16) .
In this report, we present the nucleotide sequence and expression data for the gene, pcpC, which encodes TeCH reductive dehalogenase. The direct transcription sufficiently to result in any detectable enzymatic activity in Escherichia coil. However, placing pcpC under the Ptac promoter resulted in inducible enzymatic activity. We found that pcpC contained regions of amino acid sequences held in common with carnation (17) and maize (9) GST enzymes and the bacterial GST from Methylobacterium sp: strain DM4 (16) .
MATERIALS AND METHODS
Bacterial strains, plasmids, and culture conditions. E. coli HB101 and JM105 were used as recombinant hosts. Flavobacterium sp. strain ATCC 39723 (20) was provided by R. Crawford (University of Idaho). Flavobacterium sp. was cultured in mineral medium and induced for PCP degradation as previously described (24 (22) , using [a-35S]dATP and either commercial primers or primers designed for the sequence. Single-stranded DNA templates were recovered from pBluescript phagemid subclones by using the helper phage VCSM13 as recommended by Stratagene. Nested deletions were generated from both ends of the clone according to Henikoff (10) .
Compilation of sequence data and DNA sequence analysis were accomplished by using PCGene software, version 6.01 (Intelligenetics, Mountain View, Calif.). Initial data base searches were performed at the National Center for Biotechnology Information by using the Basic Local Alignment Search Tool (BLAST) (1) network service. Protein data base searches were conducted with the University of Wisconsin Genetics Computer Group sequence analysis software package, version 7.1 (6) . The program PILEUP was used for multiple sequence alignment, and BESTFIT was used to optimize the alignment of regions of similarity between any two sequences.
Nucleotide sequence accession number. The nucleotide sequence of the Flavobacterium sp. strain ATCC 39723 pcpC gene has been assigned GenBank accession number M98559.
Preparation of cell extracts and whole cell assay. E. coli JM1O5(pJD01), which contained the pcpC gene under the control of the ptac promoter, and E. coli JM1O5(pKK223-3), the vector-only control, were grown with shaking at 37°C in M63 minimal medium supplemented with thiamine, Casamino Acids (Difco Laboratories, Detroit, Mich.), and ampicillin (50 pg/ml). 
RESULTS
Cloning and nucleotide sequence of TeCH reductive dehalogenase. We have recently reported the N-terminal sequence of the first 18 residues of the purified protein (26) . From the N-terminal sequence of the purified protein, a degenerate 36-mer oligonucleotide which corresponded to amino acid residues 1 to 12 was designed for use as a hybridization probe. The primer, LX-7, was designed to be the complement to the mRNA so that it could be used for mapping the transcript at the 5' end as well. The 5'-to-3' sequence of LX- (Fig. 2) .
Therefore, the pcpC transcript appeared to be a constitutive, 800-nucleotide monocistronic message. This finding is supportive of our enzymatic data (26) , which indicated the enzyme to be constitutively present in the cell. Expression of pcpC by E. coli. The expression plasmid, pJD01 (Fig. 3) is shown in Fig. 4 . The enzyme encoded bypcpC catalyzes the reductive elimination of two chlorines from the ring (26) . Cell extracts made from JD01 and CCL5 by the procedure described in Materials and Methods were used in the evaluation of enzymatic activity. The nology Information were retrieved via the E-Mail server. This up-to-date BLAST search revealed the existence of similarities between the Flavobacterium sp. tetrachlorohydroquinone reductase and the GSTs from carnation (17) and maize (9) . To more thoroughly investigate the alignment of our GST with other GSTs, we chose two mammalian GSTs, one from human (13) and one from guinea pig (12) , and the reported procaryotic GST from Methylobactenum sp. strain DM4 (16) . Therefore, a total of six translated GST genes were aligned by using the program PILEUP. Figure 5 presents the most informative alignment of a subset of four of those sequences. Pairwise similarity scores between the maize GST III and the carnation GST were 0.46 and 0.43, respectively, whereas similarity scores with the other three GSTs (18, 24) , was constitutively transcribed. We have yet to look at potential posttranscriptional regulation of pcpC; however, we have observed constitutive enzymatic activity (26) .
Data base comparisons of the pcpC nucleotide sequence revealed nothing substantive; however, searches at the protein level were more informative. TeCH reductive dehalogenase was shown to have similarity scores of 0.43 and 0.46 with GST enzymes from carnation (17) and maize (9) , respectively. The similarity score between the two plant GSTs was 0.48. The degree of similarity dropped outside of the plant GSTs.
It is of interest that the Flavobactenum sp. GST held more similarity with two plant GSTs than with the only reported procaryotic GST, whereas the reported procaryotic GST from Methylobacterium sp. had equally high similarity scores with all eucaryotic GSTs (16 the reactions is the conjugation of glutathione to the substrate with concomitant dechlorination. The maize GST III enzyme has been demonstrated to detoxify the herbicide Alachlor (9), whereas the GST from carnation was deduced from protein data base searches of the predicted translational product of a nucleotide sequence of one senescencerelated mRNA (17) . The actual role of the carnation GST during senescence is unknown.
More than one review has been written on the numerous electrophilic compounds, including many xenobiotics, that can serve as substrates for GSTs (3, 8, 11 
